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David C. Cron, BS, Dawn M. Coleman, MD, Kyle H. Sheetz, MS, Michael J. Englesbe, MD, and
Seth A. Waits, MD, Ann Arbor, Mich
Objective: The purpose of this study was to characterize the prevalence and natural history of aneurysms among abdominal
transplant recipients.
Methods: This article is a retrospective review of adult patients who underwent a kidney or liver transplant at a single center
between February 23, 2000, and October 6, 2011. Data were obtained by searching electronic medical records for
documentation of arterial aneurysm. Abdominal aortic aneurysms (AAAs) were included if they were $3.0 cm in
diameter, and thoracic aortic aneurysms were included if they had a diameter $3.75 cm. Additional data collected
included recipient demographics, transplant-speciﬁc data, and characteristics of the aneurysms.
Results: There were 927 liver transplant recipients, 2133 kidney transplant recipients, 23 liver-kidney transplant recipi-
ents, and 133 kidney-pancreas transplant recipients included in our study; 127 of these patients were identiﬁed to have
aneurysms (40 liver, 83 kidney, 3 liver-kidney, 1 kidney-pancreas). The overall prevalence of any aneurysm was similar for
liver and kidney recipients, but the distribution of aneurysm types was different for the two groups. AAAs made up 29.6%
of aneurysms in kidney transplant recipients and 11.4% of aneurysms in liver transplant recipients (P [ .02). Visceral
aneurysms were 10-fold as common in liver transplant recipients compared with kidney transplant recipients (47.7% of
aneurysms vs 5.1% of aneurysms; P < .01). The majority of visceral artery aneurysms involved the hepatic and splenic
artery. For both liver and kidney transplant recipients, most aneurysms occurred post-transplantation. All known aortic
aneurysm ruptures occurred post-transplantation (25% of AAAs in liver transplant patients and 22.2% of thoracic aortic
aneurysms in kidney transplant patients). There was a trend toward higher AAA expansion rates after transplantation
(0.58 6 0.48 cm/y compared with 0.41 6 0.16 cm/y).
Conclusions: Compared with the general population, aneurysms may be more common and may have an aggressive natural
history in abdominal transplant recipients. Furthermore, the types of aneurysms that affect liver and kidney transplant
recipients differ. Care teams should be aware of these risks and surveillance programs should be tailored appropriately.
(J Vasc Surg 2014;59:594-8.)Arterial aneurysms in the transplant population remain
a signiﬁcant source of morbidity and mortality. Recent
studies have demonstrated increased rates of aneurysm
growth and rupture in transplant patients, underscoring
the importance of vigilant surveillance in this popula-
tion.1-4 As survival following transplantation continues to
improve, appropriate diagnosis and management of this
vascular condition is increasingly important.
The prevalence and natural history of arterial aneu-
rysms in abdominal organ transplant recipients remains
unclear. Previous studies have documented increased rates
of growth and rupture of abdominal aortic aneurysms
(AAAs) in heart transplant recipients.2,3 Steroid dependent
immunosuppressive regimens and modiﬁed hemodynamics
following transplantation have both been postulated as
causal factors.1,4 Although abdominal transplant recipients
outnumber thoracic recipients nearly six to one each year inthe Department of Surgery, University of Michigan.
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rysms in this large population of patients.
With this study, we describe a single-center experience
with aortic, peripheral, visceral, and cerebral arterial aneu-
rysms in abdominal transplant recipients. The natural
history of these aneurysms, including expansion and rupture
rates, is characterized, and this information is reconciled to
guide screening and treatment recommendations.METHODS
This study employed a retrospective review of all adult
patients undergoing liver or kidney transplantation at the
University of Michigan Transplant Center between
February 23, 2000, and October 6, 2011. This cohort rep-
resented our index population. Among these patients, we
queried any mention of arterial aneurysm in clinical docu-
mentation or radiology reports with the Electronic Medical
Record Search Engine (EMERSE).5 Permission to carry
out this study was granted by the University of Michigan
Institutional Review Board.
Inclusion criteria included a standing diagnosis of arte-
rial aneurysm, a history of previous arterial aneurysm repair,
or radiographic documentation of arterial aneurysm. AAAs
were deﬁned radiographically by an aortic diameter
$3.0 cm; thoracic aortic aneurysms (TAAs) were deﬁned
by an aortic diameter $3.75 cm. For alternative aneurysms
(ie, peripheral, visceral, and cerebral) radiographic docu-
mentation of aneurysm alone was sufﬁcient for inclusion,
as size was not reliably available. Venous aneurysms,
Table I. Patient characteristics stratiﬁed by transplant organ
Transplant organ Liver Kidney Liver/kidney Kidney/pancreas
Total transplant patients 927 2133 23 133
Aneurysm patients 40 (4.31) 83 (3.89) 3 (13.04) 1 (0.75)
Average age at ﬁrst transplant 53.6 6 10.1 55.0 6 12.6 64.0 6 1.9 54.0
Average age at ﬁrst aneurysm 55.14 6 10.1 54.9 6 10.9 64.0 6 2.5 43.0
Male sex 23 (58) 57 (69) 2 (67) 1 (100)
Race
African American 2 (5) 5 (6) 0 0
Asian 1 (3) 3 (4) 0 0
Caucasian 36 (90) 74 (89) 3 (100) 1 (100)
Other 1 (3) 1 (1) 0 0
Demographic information is for all patients with arterial aneurysm. Subjects are grouped based on transplant organ. Categoric data are shown as number (%)
and continuous data as mean 6 standard deviation.
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malities were excluded.
For those transplant patients identiﬁed with arterial
aneurysm, the electronic medical records were reviewed
and the following data were collected: patient demographic
information (age, sex, race); information relevant to the
patient’s transplant (transplant organ, date of transplant);
and information relevant to the patient’s aneurysm (loca-
tion, date of incidence, expansion rate, and incidence of
rupture). Aneurysms were classiﬁed as AAA, TAA, cerebral,
visceral (renal, hepatic, splenic, celiac, superior mesenteric,
gastric, and gastroduodenal), and peripheral (iliac, femoral,
and popliteal). The primary variables analyzed included
aneurysm prevalence, incidence of rupture, and rate of
expansion. Expansion rate was calculated in cm/y if
a patient had two sequential computed tomography scans
taken at least 3 months apart. To account for variability
in measurement, AAA and iliac aneurysm expansion was
deﬁned as growth of $3 mm between scans.
RESULTS
Our study population included 3216 abdominal organ
transplant recipients, including liver (n ¼ 927), kidney (n¼
2133), combined liver-kidney (n ¼ 23), and combined
kidney-pancreas (n ¼ 133). Of this cohort, 127 patients
were identiﬁed as having at least one arterial aneurysm.
Forty aneurysms were identiﬁed in liver recipients, 83 in
kidney recipients, 3 in combined liver-kidney recipients,
and 1 in a combined kidney-pancreas recipient. Patient
demographics are summarized in Table I.
Aneurysm prevalence and distribution is summarized
in Table II and illustrated in the Fig. Individuals that
had multiple transplants were grouped based on their
index organ transplant. The overall prevalence of any
aneurysm was similar for liver and kidney recipients, but
the distribution of aneurysm types varied across the two
groups. AAA prevalence was signiﬁcantly higher in kidney
transplant recipients compared with liver transplant re-
cipients (29.6% of aneurysms vs 11.4% of aneurysms;
P ¼ .02). Most notably, visceral aneurysms (primarily
hepatic and splenic) were 10-fold as common in liver
transplant recipients compared with kidney transplantrecipients (47.7% of aneurysms vs 5.1% of aneurysms;
P < .01). Additionally, alternative visceral aneurysms iden-
tiﬁed exclusively in the liver transplant recipients included
aneurysms of the celiac artery (n ¼ 3), superior mesenteric
artery (n ¼ 2), gastroduodenal artery (n ¼ 2), and left
gastric artery (n ¼ 1).
In addition to aneurysm type, liver and kidney trans-
plant recipients also differed in the timing of aneurysm inci-
dence. In the liver recipients, 72.5% of aneurysms occurred
post-transplantation, regardless of the aneurysm type. Of
visceral aneurysms, 80% occurred post-transplantation in
the liver recipients (78% of splenic artery aneurysms and
90% of hepatic artery aneurysms). TAAs and peripheral
aneurysms were also more common post-transplantation
in the liver recipients, as 80% of each of these aneurysms
occurred post-transplantation. AAAs were slightly more
common following liver transplantation (60% of AAAs).
In the kidney recipients, the timing of aneurysm de-
velopment was divided equally between pre- and post-
transplantation when considering all aneurysms. AAAs
were slightly less common post-transplantation (38.5% of
AAAs), whereas TAAs and peripheral aneurysms were
more common post-transplantation (82.4% of TAAs and
71.4% of peripheral aneurysms).
Aneurysm rupture and repair rates are summarized in
Table III. Aortic rupture was only identiﬁed post-
transplantation. AAA rupture occurred in one liver recipient
following transplantation (25%). Size of this aneurysm prior
to rupture was unavailable, and this patient died following
repair. TAA dissection occurred in four kidney recipients
following transplantation (22.2%), and one of these patients
died. The average size of these aneurysms prior to dissection
was 4.66 .65 cm. Cerebral aneurysm ruptures were slightly
more common pretransplantation for both liver and kidney
transplant recipients. Few visceral aneurysms ruptured, and
no peripheral aneurysms ruptured. For the eight AAA
patients with sufﬁcient imaging to calculate expansion rates,
there was suggestion of a trend toward greater AAA expan-
sion following transplantation (0.58 6 0.48 cm/y com-
pared with 0.41 6 0.16 cm/y), although not enough
serial imaging data were available to achieve statistical
signiﬁcance.
Table II. Prevalence and distribution of aneurysms by location, stratiﬁed by transplant organ
Transplant organ
Liver,
No. (%)
Kidney,
No. (%)
Liver/kidney,
No. (%)
Kidney/pancreas,
No. (%)
Total,
No. (%)
All aneurysms 44 98 6 2 150
AAA 5 (11.4) 29 (29.6) 0 0 34 (22.7)
Thoracic aorta 5 (11.4) 18 (18.4) 0 0 23 (15.3)
Cerebral 8 (18.2) 28 (28.6) 0 0 36 (24.0)
Visceral 21 (47.7) 5 (5.1) 3 (50) 1 (50) 30 (20.0)
Hepatic 10 (22.7) 0 0 0 10 (6.7)
Splenic 9 (20.5) 4 (4.1) 2 (33.3) 0 15 (10.0)
Other 11 (25.0) 1 (1.0) 1 (16.7) 1 (50) 19 (12.7)
Peripheral 5 (11.4) 18 (18.4) 0 0 23 (15.3)
AAA, Abdominal aortic aneurysm.
Numbers indicate frequency of speciﬁc aneurysms among each group of transplant recipients. Percentages are calculated out of all aneurysms, stratiﬁed by
transplant organ.
Fig. Distributions of speciﬁc aneurysms identiﬁed, stratiﬁed by index organ transplant. Numbers indicate percentages
out of all aneurysms. Liver-kidney and pancreas-kidney recipients are not included in this ﬁgure.
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Little is known about the prevalence and natural
history of arterial aneurysms in abdominal organ transplant
recipients. With this study, we describe a single-center
experience with arterial aneurysms in an abdominal trans-
plant population. We found that the prevalence and natural
history of aneurysms in liver and kidney recipients
differ signiﬁcantly. Speciﬁcally, kidney recipients demon-
strated a higher incidence of AAA whereas liver recipients
demonstrated a higher incidence of visceral aneurysms.
Many of the more prevalent aneurysm types occurred
post-transplantation.
These results add to the growing body of evidence sug-
gesting that arterial aneurysms are a signiﬁcant concern for
the recipients of abdominal organ transplants. For thekidney recipients in our study, the prevalence of AAA was
1.36%, which approximates published data estimating
AAA prevalence in the general population.6 However, in
light of the retrospective nature of this study, 1.36% may
be an underestimate of the true prevalence of AAA for
kidney transplant recipients. In the general population,
visceral artery aneurysms are rare, with one study reporting
a necropsy prevalence of 0.1%.7 Another study reviewed
3600 angiograms and reported a splenic artery aneurysm
prevalence of 0.78%.8 These numbers are less than the
0.97% splenic artery aneurysm prevalence identiﬁed among
liver transplant recipients in this series. Furthermore,
although hepatic artery aneurysms are typically less common
than aneurysms of the splenic artery, hepatic artery aneu-
rysms comprised approximately one-half of the visceral
Table III. Rupture and repair rates
Preliver, No. (%) Postliver, No. (%) Prekidney, No. (%) Postkidney, No. (%)
AAA Rupture 0 1 (25) 0 0
Repair 2 (100) 2 (50) 13 (81.3) 4 (28.6)
Thoracic aorta Rupture 0 0 0 4 (22.2)
Repair 0 0 1 (33.3) 4 (28.6)
Cerebral Rupture 1 (12.5) 0 5 (17.9) 4 (14.3)
Repair 4 (100) 1 (25) 15 (83.3) 5 (45.5)
Visceral Rupture 1 (4.8) 0 1 (20) 0
Repair 0 6 (33.3) 1 (100) 1 (33.3)
Hepatic Rupture 1 (10) 0 0 0
Repair 0 4 (44.4) 0 0
Splenic Rupture 0 0 1 (25) 0
Repair 0 2 (28.6) 1 (50) 0
AAA, Abdominal aortic aneurysm.
Numbers given indicate the incidence of rupture and the repair rates for each type of aneurysm. Data are grouped based on timing of rupture or repair relative
to transplant. The denominator is all aneurysms present at that time point (eg, pre- or post-transplantation).
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the liver transplant patients.9 It is unclear to what extent
these aneurysms can be attributed to disease state or opera-
tive trauma, but the relatively high prevalence following
transplantation highlights the need for increased vigilance
in liver transplant recipients. Regarding expansion rates,
the pretransplantation AAA expansion rate of 0.41 cm/y
is in accordance with reported expansion rates in the general
population.10 Post-transplantation, this rate increased to
0.58 cm/y. Although our sample lacks sufﬁcient serial
imaging data to approach signiﬁcance, these results are in
accordance with published ﬁndings suggesting that
transplant-related factors may inﬂuence expansion. Animal
models have linked steroid treatment with aneurysm expan-
sion, and clinical reports have also proposed a connection
between immunosuppression and decreased aortic wall
integrity.1,4,11,12 More work is needed to explore the
speciﬁc biochemical factors underlying this phenomenon.
There are limitations to this study. We obtained our
data in a retrospective fashion, and they are subject to
the inherent limitations of that approach. Computed
tomography imaging is not a part of routine pretransplant
work-up at our institution, so for many aneurysms discov-
ered following transplantation, we were unable to verify
absence of aneurysms prior to transplantation. Addition-
ally, many of these patients only come to our institution
to receive their periodic transplant-related care, and a large
portion travel great distances for this purpose; as such,
aneurysm detection and management may occur at their
local institution without our knowledge. Furthermore, we
were only able to search the electronic medical records of
patients at our institution, and information for some
patients may have been documented on non-electronic
systems or at other hospitals across the state. To this end,
we suspect that this series underestimates aneurysm preva-
lence in the abdominal transplant population, and we were
limited in the clinical characteristics we could collect for
most aneurysms. To more accurately characterize the prev-
alence of aneurysms among the abdominal transplantpopulation, additional studies reconciling the collaborative
data of multiple transplant centers (including pre- and
post-transplant imaging) would be beneﬁcial. A larger
sample size would also enable adjustment for other con-
founding patient factors. For example, although the kidney
transplant recipients in this series demonstrated higher inci-
dence of AAA, comorbid conditions such as hypertension
could be driving this relationship.
CONCLUSIONS
This research suggests that aneurysms may be more
prevalent and may have an aggressive natural history in
abdominal transplant recipients, reinforcing the need for
increased vigilance in this population. In addition, it is
important to be mindful of the differences in aneurysm
formation and progression for liver and kidney transplant
recipients. Speciﬁcally, liver transplant recipients may
require increased surveillance for visceral artery aneurysms,
and kidney transplant recipients should be mindful of
the increased risk of AAA. Finally, as noted in our limita-
tions, cross-institution communication was weak between
transplant and vascular care teams. To enable proper
management of comorbid conditions such as aneurysms,
peritransplantion care should involve sufﬁcient communica-
tion with all institutions that are involved in a patient’s care.
As survival continues to improve following abdominal
organ transplantation, appropriate management of concur-
rent comorbidities will become increasingly important. Our
results suggest that aneurysms of the aorta, visceral arteries,
and peripheral arteries may be more common in liver and
kidney transplant patients compared with the general pop-
ulation. Physicians involved in the care of transplant
patients must remain cognizant of the associated risk and
tailor surveillance regimens accordingly.
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